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(57) Abstract 

The invention relates to a method of making a membrane structure having two parallel membranes (1,2), both of 
which are provided with a multiplicity of perforations (3, 4), the perforations (3) in a first one of said membranes being 
disposed opposite to unperforated parts (5) of the second membrane (2), and a multiplicity of separate spacing means (6) 
arranged between said membranes (1,2) and serving to maintain said membranes mutually spaced apart. A continuous 
spacing layer (8) of a material (or materials) other than that of the membranes (1,2) and of a predetermined thickness 
corresponding to the said spacing, is provided between the membranes. The spacing layer (8) is successively removed via 
the perforations (3, 4) of at least one of said membranes, such that there are formed in the spacing layer of the finished 
structure exposed passages (7) between the perforations (3) in the first membrane (1) and the perforations (4) in the second 
membrane (2), and such that the remainder of the said spacing layer (8) forms the said spacing means (6). The invention 
also comprises a membrane structure made in accordance with this method. 
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MEMBRANE STRUCTURE AND METHOD FOR THE MANUFACTURE THEREOF 

The present invention comprises, in one of its 
aspects , a method of making a membrane structure having 
5 two parallel membranes, both of which are provided with a 
multiplicity of perforations, the perforations in a first 
one of said membranes being disposed opposite to unperfo- 
rated parts of the second membrane, and a multiplicity of 
separate spacing means arranged between said membranes and 

10 serving to maintain said membranes mutually spaced apart. 
The invention also comprises a membrane structure made in 
accordance with this method. 

In its basic design., a membrane structure made in 
accordance with the invention can be directly used as a 

15 particle filter, but if especial electric properties are 
chosen for the membrane structure, it may also be used for 
other purposes, for example flow control, particle detec- 
tion, metering the amount of a substance, flow rate meter- 
ing etc. 

20 Before the special features of the invention are de- 

scribed in detail, there is cause for examining a prior 
art structure, even though the known structure in many 
respects is essentially different from the present inven- 
tion. A membrane structure with two layers of mutually 

25 offset perforations is disclosed in GB Patent 840,615 
filed on 13th October 1958 under the title "Filtering 
Septum and Method of making it". This structure is made of 
two metal foils, each having a thickness in the order of 
0.20 mm, and the perforations have a diameter in the order 

30 of 1 mm and a centre- to -centre distance of about 2.5 mm, 
which thus gives about 16 perf orations /cm 2 . During the 
manufacture of this known structure, the unperf orated me- 
tal foils are first held in direct contact with one an- 
other as a unit. Then, the held-together metal foils are 

35 punched for simultaneously making a multiplicity of coin- 
cident perforations in both foils, whereby there is 
formed, at each punched perforation, a downwardly bent 
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circular flange having a serrated edge line and project!™ 
from the foil. Then, the perforated foils are detached 
from one another and so mutually offset that the perfora- 
tions of one foil are caused to lie opposite unperforated 
Portions of the other foil. The downwardly bent flanges at 
the perforations of one foil maintain this foil at a dis 
tance from the other foil, and free passages from the per- 
forations in one foil to the perforations of the other 
foil are obtained between the "serrations" of the down- 
wardly bent flanges and the metal foil in contact with 
said serrations. 

This known structure is intended to be used as a par- 
ticle filter. A gas or a .liquid to be filtered is condcut- 
ed through the perforations of one foil, passes between 
the serrations of the flanges at the inflow point, flows 
between the foils, in parallel therewith, passes again be- 
tween the serrations of flanges at the outflow point and 
finally, leaves the structure through the perforations in 
the other foil. The degree of filtration is determined by 
the size and shape of the free passages formed by the ser- 
rations . 

The prior art structure according to GB 840,615 suf- 
fers from the following shortcomings: 

1. The dimension of the free passages, i.e. the degree 

of filtration in this case, is determined by the size 
and shape of the deformations produced by the punch- 
ing operation. As a result, the size and shape of 
these deformations cannot be controlled to any appre- 
ciable degree, i.e. the degree "of filtration will not 
be well-defined. In actual practice, this also sets a 
lower limit to the possible dimensions of the free 
passages . 

2. Since the structure is made from metal foils, and 

since the perforation are punched out, it is not pos- 
sible, in actual practice, either to make the per- 
forations much smaller than the said 1 mm or to place 
them closer than the said 2.5 mm. This is an unde- 
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sirable restriction considering the effect that these 
dimensions have on the flow resistance of the 
structure . 

3. The metal foils are first punched and then relatively 
5 offset to be finally fixed in the offset position, 

which means an undesirable uncertainty regarding the 
offset position of the perforations, and also that 
special measures and/or means must be provided for 
fixing the offset metal foils. 
10 4. Since the structure is made of metal/ it cannot be 

used in any environment whatever; high temperatures, 
corrosive gases or liquids etc. may damage, the struc- 
ture and reduce its- funqtion. 

In consideration of the prior art filter structure as 

15 described above, the method of making it, and its short- 
comings, it is the object of the present invention to pro- 
vide on the one hand a membrane structure of the type re- 
ferred to in the introduction, which does not have the 
above-mentioned shortcomings 1-4 and, on the other hand, a 

20 method for the manufacture of such a structure - 

To achieve these and other objects which will be 
stated in more detail hereinafter, the invention provides 
a method for the manufacture of a membrane structure of 
the type referred to above, a method which is character- 

25 ised in that a continuous spacing layer of a material 
other than that of the membranes and of a predetermined 
thickness corresponding to the said spacing, is provided 
between the membranes, and that the spacing layer is suc- 
cessively removed via the perforations of at least one of 

30 said membranes, such that there are formed in the spacing 
layer of the finished structure exposed passages or chan- 
nels between the perforations in the first membrane and 
the perforations in the second membrane, and such that the 
remainder of the said spacing layer forms the said sepa- 

35 rate spacing means. 
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Since the spacing means according to the invention 
are formed from an initially continuous spacing layer 
having the same thickness as the spacing means, the latter 
can be given exactly the same height because such a conti- 
5 nuous spacing layer can be manufactured with far greater 
accuracy than separate individual spacing means. Another 
important feature of the manufacturing method according to 
the invention is that the spacing layer is made of a mate- 
terial different from that of the membranes .' The reason 
10 for this is that it is desired to remove from the spacing 
layer the material which is not to be included in the fi- 
nished structure. By selecting a different material (or 
several different materials) for the spacing layer (or se- 
veral adjoining layers), it is possible, via the perfora- 
15 tions in at least one of said membranes, to subject the 
initially continuous spacing layer to a treatment which 
successively removes the material of which the spacing 
layer is made, but which does not affect the material of 
which the membranes are made. 
20 to be able to establish well-defined dimensions of* 

the exposed channels, it is preferred not to terminate the 
successive removal of the spacing layer until the exposed 
channels have obtained a minimum width which is greater 
than the said spacing between the membranes. The size of 
25 the largest particles that can pass through the structure 
if this is used as a particle filter, will then be deter-' 
mined by the said spacing between the membranes, i.e. by 
the thickness of the spacing layer. 

In an especially preferred execution of the method 
30 according to the invention, the membranes need not be mu- 
tually offset after perforation. In particular, this exe- 
cution of the method according to the invention makes it 
possible to use the perforations in one membrane in order 
to define the positions of the perforations in the other 
3 5 membrane . 
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To this end, a preferred execution of the method ac- 
cording to the invention is characterised by forming, in a 
first step, the perforations in the first membrane and, 
coincident with these perforations, perforations through 
5 the continuous spacing layer; subjecting, in a second step 
and via said coincident perforations, portions of the se- 
cond membrane exposed towards these perforations to such a 
treatment that the second membrane at these exposed por- 
tions is reinforced prior to a third step, and forming, in 

10 said third step, the perforations in said second membrane 
by removing from the side of said second membrane facing 
away from said first membrane substantially only unrein- 
forced portions of said second membrane, the two membranes 
and the spacing layer being held fixed relative to one 

15 another at least from said second step on. In a fourth 
step, it is then possible to form the separate spacing 
means by said successive removal of the spacing layer 
through the perforations in at least one of said mem- 
branes. It is also possible to remove the spacing layer, 

20 wholly or partly, at an earlier stage. 

In a presently preferred embodiment, the membranes 
are made of silicon and the spacing layer of silica. The 
reinforcing treatment of the second step is carried out in 
the form of a diffusion process in which there is intro- 

25 duced, through the coincident perforations in the first 
membrane and the spacing layer, a dopant, such as boron, 
which, when combined with the dopable material, the sili- 
con, of the second membrane, at the said exposed portions 
of the second membrane, reinforces these portions against 

30 a subsequent etching which is carried out in the said 

third step to remove undoped portions of said second mem- 
brane . 

It is especially important that such diffusion is ef- 
fected both in depth and laterally so that doped (i.e. re- 
35 inforced) portions are obtained which extend laterally 

beyond the boundary lines of the exposed portions of the 
second membrane and in under the unperforated portions of 
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the first membrane and the spacing layer. In this manner 
there is obtained, after removal of undoped portions of ' 
the second membrane, a continuous second membrane, and 
furthermore it is possible later on to obtain a membrane 
structure held together by the spacing means. 

The invention also relates to a membrane structure 
which is of the type referred to into the introduction and 
which, according to the above-described method according 
to the invention, is characterised in that at least one of 
said membranes is made of a dopable material, that unper- 
forated portions of the said one membrane are doped with a 
dopant, and that the spacing means are made of a different 
material than the membranes. 

The dopable material of the said one membrane pref er- 
ably is silicon, and the said dopant preferably is boron 

Furthermore, the spacing means preferably have a co- 
hering effect on the membranes, in which case no further 
means are required for holding together and mutually fix- 
ing the membranes. 

The separate spacing means' are preferably so posi- 
tioned relative to the perforations of the membranes that 
free passages are formed from the perforations in the 
first membrane, between adjoining spacing means and out 
through the perforations in the second membrane, which 
should be compared with the free passages between the 
"serrations" of one and the same flange in GB 840,615. 

Further features, advantages and applications of the 
invention will now be described hereinafter, on the one 
hand in the form of an exemplifying embodiment of the mem- 
brane structure according to the invention and, on the 
other hand, in the form of an exemplifying method of mak- 
ing the membrane structure, reference being had to the 
accompanying drawings. 

Fig. 1 is a fundamental, highly simplified top plan 
view of a membrane structure according to the invention. 
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Figs- 2A and 2B are cross -sectional views of broken- 
out portions between double lines A- A and B-B, respective- 
ly, in Fig. 1. 

Figs- 3A-3D illustrate schematically successive steps 
5 in the manufacture of a perforated membrane structure ac- 
cording to the invention. 

Figs. 4A and 4B are, respectively, a schematic top 
plan view and a sectional view between double lines B-B in 
Fig. 4A, of an intermediate stage in the manufacture of 
10 separate spacing means. 

Figs 5 A and 5B are, respectively, a schematic top 
plan view and a sectional view between double lines B-B in 
Fig. 5A, of a final stage in the manufacture of separate 
spacing, means - 

15 Fig. 6 is a schematic top plan view of a perforated 

membrane structure manufactured according to the prin- 
ciples shown in Figs. 3A-3D, 4A and 4B, and Figs. -5A and 
5B. 

Figs. 7A and 7B are cross-sectional views of broken- 
20 out portions between double lines A-A and B-B, respective- 
ly, in Fig. 6. 

Fig. 8 is a broken-out schematic view from below of a 
finished structure comprising a perforated membrane and a 
frame. 

25 Fig. 9 is a cross-sectional view on a larger scale of 

the structure shown in Fig. 8, taken along line IX-IX in 
Fig. 8. 

Figs. 10A and 10B are the same cross -sectional views 
as in Figs. 7A and 7B, respectively, and illustrate a 
30 method of bending a perforated membrane structure accord- 
ing to the invention. 

Figs. 11A and 11B are the same cross-sectional views 
as in Figs. 7A and 7B, respectively, and illustrate a dif- 
ferent method of bending a perforated membrane structure 
3 5 according to the invention. 
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BASIC CONSTRUCTION : The structure as shown in 
Figs. 1, 2A and 2B comprises two parallel silicon mem- 
branes 1 and 2 each having a multiplicity of perforations 
3 and 4, respectively. The perforations have a diameter of 
5 about 10 pm and are arranged, in the respective membrane, 
xn a checked pattern with a centre-to-centre distance of 
about 20 prn, which gives about 250000 perforations/cm 2 in 
each membrane. In Fig. 1, tne perforations 3 of the upper 
membrane 1 are shown as full circles, while the perfora- 

10 tions 4 of the lower membrane are shown as broken circles. 
It thus appears from Fig. i the tWQ .- checked pat _ 

terns" are so mutually offset that the perforations 3 in 
the upper membrane 1 lie opposite to unperforated portions 
5 of the second membrane 2, as will appear also from " 

15 Figs. 2A and 2B. 

The membranes 1 and 2 are held mutually spaced apart 
at a distance of, for example, 0.01-1 pm by a multiplicity 
of separate spacing means 6. In accordance with the inven- 
txon, these spacing means are made of a different material 
20 than the membranes 1 and 2, in this case silica. The spac- 
ing means 6 are positioned such between the perforations 
3, 4 of the membranes that free passages or channels 7 are 
formed between adjoining spacing means 6, and this means 
xn other words that a gas or a liquid, as shown by the 
arrows in Fig. 2B, can flow in through the perforations in 
the one membrane, through the passages 7 and out through 
the perforations in the other membrane. 

It should here be emphasised that, if the distance 
between adjoining spacing means 6 is made greater than the 
distance between the membranes, as in the above -described 
embodiment, the flow through the passages 7 is substan- 
tially restricted by the height of the spacing means 6, 
i.e. the mutual distance between the membranes 1 and 2 
This is not the case in the construction according to, for 
35 example, GB 840,615. 
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The spacing means 6 here also have a cohering effect: 
on the membranes 1 and 2 so "that no other means are re- 
quired for this purpose. 

The two membranes 1 and 2 and the intermediate spac- 
5 ing means 6 are mounted on a frame which imparts a suffi- 
cient mechanical strength to the structure. The frame is 
preferably integrated into the lower membrane and will be 
described in detail hereinafter. 

PARTICLE FILTER: After this description of the basic 

10 construction of a membrane structure according to the in- 
vention, it will be appreciated that the structure can be 
used as a highly efficient particle filter. The degree of 
filtration, i.e. the size of the particles filtered off 
from a flow (Fig. 2B ) through the structure, is determined 

15 by the spacing between the membranes 1, 2, which in turn 
is determined by the thickness or height of the spacing 
means 6 . A membrane spacing suitable from the viewpoint of 
production is 0.01-1 \im as mentioned above. By using the 
production technique described hereinafter, the spacing 

20 means 6 according to the invention can be manufactured 
from an initially continuous spacing layer between the 
membranes, and this in turn means that this filtration 
technique where the degree of filtration is determined by 
a layer thickness (the spacing means) instead of by a pho- 

25 tolithographic process, is advantageous in so far as it is 
much easier to manufacture a submicron layer of silica 
with high accuracy than perforations of the same size by 
using photolithography. 

MANUFACTURE: A method according to the invention for 

30 manufacturing a membrane structure, the fundamental ap- 
pearance of which has been explained above with reference 
to Figs. 1 and 2, 2B, is described hereinafter. 

The manufacture of the membrane structure is mainly 
based on conventional semiconductor technique and on a 

35 self -registering two-step process for (I) registering the 
perforations and (II) for determining the position and 
shape of the spacing means. By this special two-step pro- 
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cess, it is possible by means of a single perforation pat- 
tern, and without offsetting perforated membranes relative 
to one another, to define in a first step ( I , the mutual 
positions of the perforations 3 and 4 in the membranes 
5 and, in a seoond step (II), the positions of the separate 
spacing means 6 between the membranes. 

The starting material (Fig. 3A) is a silicon wafer 
(for example monocrystalline silicon) which has a thick- 
ness of, for example, 0.2-0.4 mm and which is to form the 
10 second membrane 2 and the said frame. On this silicon 
wafer 2, a layer 8 of a different material, such as si- 
lica, having a thickness of about 0.1-1 ura is deposited 
The layer 8 constitutes the above-mentioned spacing layer 
and will subsequently be formed into the separate spacing 
15 means 6. ( in a variant not shown in the drawings, the 

spacing means 6 may also be formed of several superimposed 
subspacing layers, optionally made of mutually different 
materials.) Then, a layer of silicon ( polycrystalline si- 
licon) is deposited on top of the spacing layer 8 to form 
-0 the first perforated membrane 1, and then a protective 

layer 9, for example in the form of a silica layer, is de- 
posited on top of the silicon layer 1. 

After that, coincident perforations 3 are formed by 
Photolithography (Fig. 3 B) in the layers 9, 1 and 8. The 
5 perforations in the spacing layers 8 are made by silica 
etching which does not affect the underlying silicon 
wafer 2. The perforations 3 in the first membrane are now 
ready. 

in the next step (Fig. 3C) a dopant, boron, in high 
0 concentration is introduced through the perforations 3. 
More particularly, the exposed surface portions of the 
silicon wafer 2 are subjected to a high concentration of 
boron in the gaseous phase at a temperature which, in con- 
_ nection with semiconductors, is extremely high, for exam- 
> Pie 1200°C. As a result, all boron will diffuse into the 
portions 5, both in depth and laterally. More particular- 
ly, the lateral diffusion results in the formation of 



JNSDOClD:<WO 8908489A1 I 



WO 89/08489 



PCT/SE89/00124 



11 

doped areas also underneath the unperf orated portions of 
the uppermost silicon layer 1 and the spacing layer 8 . The 
undoped areas 10 of the silicon wafer 2 are intended later 
on to form the perforations 4 in the lower membrane 2. 
5 The lower silicon wafer 2 is doped with boron because 

a high concentration of boron in silicon greatly reduces 
( for example by a factor 1000 ) the etching rate in silicon 
for certain types of silicon etching. The degree of doping 
may vary from case to case, but generally the doping is 
10 far stronger than the n- and p-doping traditionally car- 
ried out in the production of electronic semiconductor 
components . 

Since an intense doping of silicon with boron may 
also result in a reduced strength or crack formations in 

15 the silicon, it was found preferable to form the said pro- 
tective layer 9 on top of the upper silicon layer 1 in 
order not to reduce the mechanical strength thereof by an 
excessive boron doping. Some boron doping of the upper 
membrane 1 may, however, be desirable. If the structure is 

20 to be used for applications requiring electrically conduc- 
tive properties of the membranes, boron doping will con- 
tribute to a desired increased conductivity. The degree of 
doping will, of course, depend also on the thickness of 
the protective layer 9 . 

25 It should also be noted that, in Figs. 3B and 3C, the 

separate spacing means 6 have as yet not been finished. 

The boron doping step of Fig. 3C is followed by a se- 
cond silicon etching during which the silicon wafer 2 is 
etched from below through a frame-defining mask (Fig. 3D). 

30 Since the silicon etching rate is reduced to practically 

zero by excessively high boron doping concentrations ( "boron 
etch-stop"), the areas 5 remain uneffected by this silicon 
etching, whereas the undoped areas 10 in the silicon sheet 2 
are removed by this etching. By using a frame-defining mask 

35 on the "rear face" of the silicon wafer 2, there is obtain- 
ed, by this silicon etching, also a frame 11 integrated with 
the second membrane 2 and shown in Figs. 8 and 9. 
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After the second silicon etching, the structure will 
have the appearance shown in Fig. 3D in which the positions 
of the perforations 4 in the second membrane 2 are defined 
on the basis of the positions of the perforations 3 in the 
first membrane 1. This means that the membranes 1 and 2 need 
never be relatively offset after they have been perforated 
and that the two "checked patterns" of the perforations 3 ' 
and 4, respectively, will be exactly offset relative to one 
another. In other words, the perforations 4 will always lie 
exactly midway between the perforations 3. 

It is also noted that the spacing layer 8 is still so 
intact in Fig. 3D that there are as yet no free passages 
between the perforations 3 and 4. 

After the perforations 3 in the membrane 1 and the 
perforations 4 in the membrane 2 have been formed, it only 
remains to form the separate spacing means 6.. This proce- 
dure will now be described with reference to Figs. 4A 4B 
and Figs. 5A, 5B. ' 

The separate spacing means 6 are formed by succes- 
sively removing, by liquid etching, the silica 8 access- 
ible through the perforations 3 and 4. in the embodiment 
shown in Figs. 4 and 5, both sides of the structure are 
subjected to liquid etching, but it is also possible to 
etch from one side only, m Fig. 4A, the spacing layer 8 
has been etched for some time, and etching is still going 
on. m the lateral sense, etching has progressed to an 
"etching limit" which, in Fig. 4A, is shown by circles 12 
for the etching which is done through the perforations 3 
and by circles 13 for the etching which is done through 
30 the perforations 4. As will appear from Fig. 4B which is 
a broken-out section between the double lines B-B in 
Fig. 4A, the circles 12 and 13 have not yet met, which 
means that the spacing layer 8 still is a continuous unit 
without forming any free passages through the structure. 

The etching of the spacing layer 8 is discontinued 
when the circles 12, 13 in Fig. 4A meet, i.e. when the two 
etching areas meet. Free passages 7 (of. Fig. 2B ) have 
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thus been formed between the remainder of the spacing 
layer 8, which now forms the separate spacing means 6. A 
free flow path through the membranes has been established, 
as shown by the arrows in Figs. 5A and 5B, and at the same 
5 time the spacing means 6 maintain the membranes 1 and 2 at 
a constant and exactly predetermined mutual distance. 

Fig. 6 and Figs. 7A and 7B illustrate a more realis- 
tic appearance of the finished structure, as compared with 
the fundamental structure previously illustrated in Fig. 1 

10 and in Figs. 2A and 2B. As will appear from Fig. 6, the 
perforations 4 in the second membrane 2 will not be en- 
tirely circular, but rather in the form of squares. The 
reason for this is that each such perforation 4 is sur- 
rounded by four symmetrically distributed doping areas 5 . 

15 Fig. 7A which is a broken-out section between the double 
lines A- A in Fig. 6, clearly shows how the second membrane 
2 is built up of doped areas 5 which overlap one another 
and are held together in the areas 14 underneath the spac- 
ing means 6. 

20 It should here be mentioned that the perforations 4 

in the second membrane 2 can be produced also in other 
ways. One variant is to diffuse phosphorus through the 
perforations 3 of the first membrane 1 and to allow the 
phosphorus to penetrate into a boron-doped crystalline 

25 silicon sheet 2. By a special silicon etching and a vol- 
tage applied between the etching liquid and the silicon 
disk 2, the boron-doped silicon accessible through the 
rear face mask is etched , whereas the phosphorus -doped 
area is left intact. The final structure will have essen- 

30 tially the same appearance as has been described above. 
Practical Applications 

The membrane structure according to the invention and 
the method of making it have now been described in a pre- 
ferred form. Even though the inventive idea as defined by 

35 the appended claims is not dependent on the field of ap- 
plication of the invention, mention may be made of some 
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specific applications. The use of the membrane structure 
as a particle filter has already been described. 

A further conceivable application is using the mem- 
brane structure as a valve for controlling a gas or liquid 
flow through the structure. For such application, the 
structure is formed such that one perforated membrane 1 
can be bent towards the other perforated membrane 2 to 
control the size of the free passages 7. The downward bend 
of the membrane required for the flow control can be 
achieved for example in the manner shown Figs. 10A and 
10B. In these Figures, the two perforated membranes 1 and 
2 are made of an electrically conductive material, such as 
boron-doped silicon, whereas the spacing material is elec- 
trically nonconductive, and an electric voltage (of the 
order 5-10 V) is applied across the membranes 1 and 2. As 
a result, an electrostatic force is established between 
the membranes 1 and 2, whereby the membranes are attracted 
to throttle the flow to an extent corresponding to the 
magnitude of the voltage applied. 

A different way of achieving the said downward-bend 
is to make for example the first perforated membrane 1 
from two layers la and lb of different materials with dif- 
ferent coefficients of thermal expansion, the two layers 
being so mutually arranged that the first membrane 1 is 
bent towards the second membrane 2, for example by heat- 
ing. To heat the membranes, an electric current can be 
conducted through one or both membranes 1 and 2. 

The structure disclosed herein may also be used as a 
detector for charged particles. If a fluid is conducted in 
30 between the two perforated membranes 1 and 2, there is ob- 
tainable, by continuously measuring the capacitance be- 
tween the membranes 1 and 2, a measure of the quantity of 
electrically charged or polar particles passing through 
the structure. This measuring procedure thus makes it pos- 
sible to measure the dielectricity constant. 
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A further conceivable application of the membrane 
structure is the determination of a substance and concen- 
tration measurement. The two membranes 1 and 2 are so 
close to one another that it is possible, by means of an 
5 external voltage applied across the two membranes, to 
create sufficiently high electric fields to ionise or 
otherwise produce electrically charged particles. The re- 
quisite voltage depends upon the substance passing through 
the structure. To detect the electrically charged par- 

10 tides, the electric capacitance between the membranes 1, 
2 is measured, simultaneously as the said voltage is sup- 
plied thereto. This measuring technique is based on the 
hypothesis that a substance passing through the structure 
has a minimum voltage at which electrically charged par- 

15 tides are formed. By recording the voltage at which a 

significant change of the capacitance occurs, one can de- 
termine the substance passing between the membranes 1, 2. 
At the same time, the change of the capacitance will be a 
measure of the concentration of the substance. 

20 Still another conceivable application of the membrane 

structure according to the invention is that of a flow 
sensor. Instead of applying a constant voltage across the 
membrane, as has been described above, voltage pulses can 
be applied across the two perforated membranes. If the 

25 voltage pulses are sufficiently strong, which can be ob- 
tained for example by superposition of a constant voltage, 
electric charges can be produced which then are detectable 
by capacitance measurement. The higher the gas or liquid 
flow through the structure, the quicker will the change in 

30 capacitance induced by each voltage pulse return to the 
initial capacitance value when the electric charges pro- 
duced pass through and out of the structure. The capaci- 
tance change per unit of time will then be a measure of 
the flow rate through the structure. The maximum capaci- 

35 tance change and the time it takes to reestablish the ca- 
pacitance after each voltage pulse can be utilised for de- 
termining the flow rate and the amount of the substance 
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passing through the structure. By electric feed-back an 
output signal is obtainable, the frequency of which is re- 
lated to one of the parameters flow volume or flow rate 
Because the presently preferred embodiment of the 
5 membrane structure is made of silicon and silica the 
structure is capable of withstanding extremely high tem- 
peratures, over 1000°C, and aggressive environmental con- 
ditions, such as acids and solvents. This is a great ad- 
vantage both in the active use of the structure and the 
10 cleaning thereof. 

As has been mentioned above under the sub-title MA- 
NUFACTURE, it is also possible to effect the successive 
removal of spacing material through the perforations 3 of 
the first membrane 1 only, m a variant of the above-men- 
tl0ned *™*^on technique, the entire successive removal 
of spacing material is carried out before the perforations 
4 are made in the second membrane 2. in such a variant 
spacing material is removed some way into the areas where 
the perforations 4 in the second membrane 2 are to be 
formed later on. When the perforations 4 are then formed 
certain parts of the remaining spacing material will be ' 
exposed at these locations. These exposed parts of the 
spacing layer do not function as spacing means between the 
membranes because they are in contact with one membrane 
only, on the other hand, these exposed remaining parts of 
the spacing material will bind together the separate 
spacing means 6 which are in contact with the both mem- 
branes. The expression "separate distance means" should 
therefore be interpreted throughout in the sense that the 
remaining parts of the spacing material which are in con- 
tact with both membranes, i.e. the spacing means 6, are 
not ln direct contact with one another. However, the word 

separate" comprises, according to the invention, the 
variant in which the "separate spacing means" can be in 
contact with one another via the remaining spacing 
material not serving as spacing means. 
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CLAIMS 

1. A method of making a membrane structure having two 
5 parallel membranes (1, 2), both of which aire provided with 

a multiplicity of perforations (3, 4), the perforations 

(3) in a first one of said membranes being disposed oppo- 
site to unperf orated parts (5) of the second membrane (2), 
and a multiplicity of separate spacing means ( 6 ) arranged 

10 between said membranes (1, 2) and serving to maintain said 
membranes mutually spaced apart, character- 
ised in that a continuous spacing layer (8) of a mate- 
rial (or materials) other than that of the membranes (1, 
2 ) and of a predetermined thickness corresponding to the 

15 said spacing, is provided between the membranes, and that 
the spacing layer (8) is successively removed via the per- 
forations (3, 4) of at least one of said membranes, such 
that there are formed in the spacing layer (8) of the fi- 
nished structure exposed passages (7) between the perfora- 

20 tions (3) in the first membrane (1) and the perforations 

( 4 ) in the second membrane ( 2 ) , and such that the remain- 
der of the said spacing layer ( 8 ) forms the said spacing 
means ( 6 ) . 

2. A method as claimed in claim 1, charac- 

25 terised in that the exposed passages (7) are given 
a minimum width which is greater than the said spacing 
between the membranes. 

3. A method as claimed in claim 1 or 2, cha- 
racterised by forming, in a first step 

30 (Fig. 3B), the perforations (3) in the first membrane (1) 
and, coincident with these perforations, perforations 
through the continuous spacing layer (8); subjecting, in a 
second step (Fig. 3C) and via said coincident perforations 
(3), portions (5) of the second membrane (2) exposed to- 

35 wards these perforations to such a treatment that the se- 
cond membrane ( 2 ) at these exposed portions ( 5 ) is rein- 
forced prior to a third step (Fig. 3D), and forming, in 
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sa id third step, the perforations ( 4 ) in said second mem- 
brane ( 2 ) by removing from the side of said second mem- 
brane ( 2 ) facing away from said first membrane ( 1 ) sub- 
stantially only unreinforced portions (10) of said second 
membrane (2), the two membranes (1, 2) and the spacing 
layer ( 8 ) being held fixed relative to one another at 
least from said second step on. 

4. A method as claimed in claim 3, charac- 
terised by forming, as a fourth step (Figs. 4 and 
5), the separate spacing means ( 6 ) by said successive re- 
moval of the spacing layer ( 8 ) . 

5. A method as claimed in claim 3 or 4, cha- 
racterised in that said second membrane is made 
of dopable material (Si), that the reinforcing treatment 
carried out in the second step comprises subjecting, via 
the coincident perforations (3), surface portions of said 
second membrane (2) exposed toward these perforations to 
a dopant (B) which, when combined with the dopable mate- 
rial of the second membrane (2), reinforces the latter 
against a subsequent etching, whereby a diffusion in 
depth and in the lateral sense is achieved in portions ( 5 ) 
of said second membrane ( 2 ) at the said exposed surface 
portions, and that the forming of the perforations ( 4 ) in 
the second membrane (2), which is carried out in the said 
third step, comprises removing by the said etching undoped 
portions (10) of said second membrane (2). 

6. A method as claimed in any one of claims 1-5, 
characterised in that one or both membranes 
(1, 2) are made of silicon. 

30 7. A method as claimed in any one of claims 1-6, 

characterised in that the spacing layer'(8) 
and the spacing means (6) are made of silica. 

8. A membrane structure comprising two parallel mem- 
branes. (1, 2), both of which are provided with a multi- 
plicity of perforations (3, 4), the perforations (3) in a 
first one of said membranes ( 1 ) being disposed opposite to 
unperf orated parts ( 5 ) of the second membrane (2), and a 
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multiplicity of separate spacing means (6) arranged be- 
tween said membranes (1, 2) and serving to maintain said 
membranes mutually spaced apart, character- 
ised in that at least one of said membranes (2) is 
5 made of a dopable material , that unperf orated portions (5) 
of the said one membrane (2) doped with a dopant, and that 
the spacing means (8) are made of a different material 
than the membranes ( 1 , 2 ) 

9 . A membrane structure as claimed in claim 8 , 

10 characterised in that the dopable material in 
. said one membrane (2) is silicon. 

10. A membrane structure as claimed in claim 8 or 9 , 
characterised in that the said dopant is 
boron. 

15 11. A membrane structure as claimed in any one claims 

8-11, characterised in that the spacing 
means (6) have a cohering effect on the membranes (1, 2). 

12. A membrane structure as claimed in any one of 
claims 8-11, characterised in that the sepa- 

20 rate spacing means ( 6 ) are so positioned relative to the 
perforations (3, 4) of the membranes that free passages 
( 7 ) are formed from the perforations ( 3 ) in the first mem- 
brane (1), between adjoining spacing means (6) and out 
through the perforations ( 4 ) in the second membrane ( 2 ) . 

25 
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